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(54) SEMICONDUCTOR LASER ELEMENT 

(57)Abstract: 

PURPOSE: To ensure carrier confinement of deforming 
band structure in the lateral direction of an active layer, 
and setting the band gap energy in a stripe region to be 
small. 

CONSTITUTION: On an N-type GaAs substrate 1' 
having a face inclined at 15.8° from the (100) face 
toward the [110] [-1-10] direction, the following are 
epitaxially grown; an N-type GalnP buffer layer 3, an N- 
type (Aly2Ga1-y2)aIn1-aP optical waveguide layer 13, a 
multiplex quantum well active layer 21, a P-type 
(Aly2Ga1-y2)aIn1-aP optical waveguide layer 15, and a 
P-type GaO.5lnO.5P buffer layer 18. By photolithography, 
an Si02 mask is formed. By chemical etching, the layer 
18 and the layer 15 are etched and eliminated, until the 
layer 15 of about 0.15|im in thickness is left, thereby 
forming a ridge stripe. While the Si02 mask is left as it 
is, an N-type Ga5In1-6P strain thin film layer 22 and an 
N-type GaAs current constriction layer 9 serving as a 
light absorption layer are selectively grown. After that, a 

P-type GaAs contact layer 10 is buried and grown, and then a P electrode 11 and an N 
electrode 1 2 are evaporated. Thus an element is obtained. 
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(57) [Kft] (*jE*) 

MA] (001)ffi*»fe (110) [-1-10) *f6jtwl 5. 8 
° ^V^S^I-Sn^GaAsSfcl' 0±lrnSGalnP 
^7rl3, nM(Al y2 Gai-y2)« lni-« P#i8&J§ 1 
3, -Ml?#F&ttl2 1, p9(Al y 2Gawz)« In 
i-.P#*8Ui 15, Gao.5lno.6P^y7rS l 8 

11 5£ff)0. 1 5MmSini^Tgl Ztmi 5 

bit, Si02^A*fe»Lfc**, n^Ga« lni-iP2I» 

112 2, n aGaA8«flEK«*«ftJKJ| 9 

5, Z<D'&, pSGaAs=:/** hJii OfcfflfciMMfc* 



0 7 




CVD) feXttft+l&^f?*^- (MB E) felCj; 19 

^X, KX*ttJBAlc±GfiSttJ|2:a9JlwSI>WI^ 
¥tTLXRlt<b*xX*5!K *>oKM»Ml^R3l«ttS 

* JxS C 4: Zftm k+Z¥Vtto !f 
X, IXS&ttff^i&ftLTRlt&^SttfiKKJI^iVK 

*5V>T, R^»KlttK^ttSlC0. 0 1-0. 5 

[W#*4]«#«i, 2XI±3E«^¥»*i'-if3lf 

*3JxX, SCfrrfiiKijlxflfc* T/WfciteSI-aafc: 
$ *x T v > 5 d ><D 4ft, 6> d» X fe 6 r. fc £ tt » fc + 5 *W * 

^©wwciau -©»#tta*i»iK§i«a*:*A 

*4: tta^lfijfcjfcAtfflsffi^-S ^ 4: «r#*4:-r5*W* 
[»#*6] 1**41.- 2Xtt3E«o*W*u-1f* 

9 a8KB**Rll feJxStfrfrfcttv a»teJlKI±3l»a 
£$A La>oa*MS l£ttffl«a*:»A1-S - k 

MMBlRMl, 2, 3, 4, 5, 6Xli7f2*S 



(2) 4fM?6~ 6 9 5 8 9 

Z. 

[M*«9l fll**l, 2, 3, 4, 5, 6, 7XI48 
BttOiWiWU'— SfSf^lidSV^T, KS»ffiilciS«L 
fcfi»«lfc»L-CWU K««ttJilci»A1-5ii«l:l6 
»*#»U*a»*v*tt*ixJ: 0 fc**4H*fcR*1-S 
C k «r*»4: + <5**#u-f ! *^. 

[11*510] H#?l, 2, 3, 4, 5, 6, 7, 8 

/fl #S**#F«S4:U »^#FJi^»L"CttfflHa* 

^tt§i»ao4f^e,A»fe»Au fi^»^siw*rurrt 
*a*»xtta*rWAi"ft****^#FHcWAtfca* 

[«*** 1 1 I f**« 1 , 2, 3, 4, 5, 6, 7, 
8, 9X111 0B«O*»#U— !F*^|C*5V^-C, M£ 
i£A U^KS^#FJ|&rfR*^KHI^lft I? ESJxfc 

MW#B K* %m * & v %«SIS XRS $ ixX v i k 

20 k tz*m# is-***. 

H**4 1 2 J 1**4 1 , 2, 3, 4, 5, 6, 7, 
8, 9, 1 0X111 lE«©*»#U-f«f l:isv^ 
T> tt^WfrStE^v^WW^GaAsi-zPi (O^z^ 
1) ■Cfc5ii:«:»«t-|-S*W#u-¥*^. 

[M#«13]»jM1, 2, 3, 4, 5, 6, 7, 
•8, 9, 10, 1 1X111 2&&<0*m#\s-1fm*\Z. 
*$V>X, fti|t»#:S«icfflv^5S«ffi*ffi**(001)ffid» 

6 [110] [-1-10] [1-10] [-110] *ffijico 

0 d»fc54. 7° ©«ffl, a*L<ttO° £U:2 5 0 J£* 
[0 0 0 1] 

So 

[0 0 0 2] 

^0 «rRSUflEtta«rWAUfcaft^#F*afiu— !PlwOV> 

^-^1990^.2^,540M(IEEEPhotonics Technology .L 
ett.. 2. 540(1990). )XI±^*D«9 2) hn-** . 

-^1992^. 28^. 628K (Electron. Lett. . 28, 628(19 
92).)fc*$^X»'<fe*xXV^ 0 
[0 0 0 3] 

[*W****LJ:5 4:-r<5«Ja] ±Ett*ttfl¥Xli, a 
fi^^FSfl&ttS lw«t »3 3Jf^(DteMfitllf^S:l2l S J. 4: tt 

50 ^Tfc!9, $P>^ft#Wl^X*i-5w4:lcJ:9<&BI«fc 



3 

ftrt»fcl:fiL-C^fti\, 

[0 0 0 4 ] 3MBW0>Btttt, S#l*f#P(MQW) 

**^-«r*#<R*1-*ifcfcJ:9 % *-ryrfifli: 

«^£>S 0 £MQWtfti£ 

ttRRIMM*R«T?#fc±l::* d»oiSttJ§« 
S-frXU*tttt*3fc* Lit u — iP *^ feWfc-e* 5 0 

[0 0 0 5] 

©*Rfc»TfcR»I1-a. 

[0 0 0 6] 3BMQWllH>»ttJi©«*rtIlC#U"C, « 

©/^ K** y < * 1*9* tTWHo 

*-e**^*-i**:* <ft5«fc 5tRS$*S. ^ti^ 

**»irtu:R(fc, ^<D&mmmzx vyj^mmft 

ftfc-frSrttco^Ttt, SttJilc*A+53l36*fiE«Si 
SBKB^BAI-SSBRXttSlttfiORft, ^^)If 
[0 0 0 7] 

So 

[0 0 0 8] **WCtt, 3IMQW*atfefflt>T»ttJl 

ttS'^MSiSoRBMu Ell llc:^t^J:9lc^A1- 
S3I<0«RfcJ: 9&«*Eo&tfR*?ff(RvtjEAffE 
HHXtt(iv^JE7L#ELH)3ft*a6ftU/<^ K^+y^x^ 

*%RLfc»ft\ 3l^3I££Abfct£liflEfi§mcD££ 
£9Eili/J>$<ft*. C^rtSr, aHI*^— fo» 

So 

[ 0 0 0 9 ] El 1 2 (a) ICtj* Lfc X 5 ic, SttftttBEB 



(3) ^¥6- 6 9 5 8 9 

r&lcft*. F^, iMloTn:«) 

5ERfi©«:rtkttE»#rtfcf«fl L»«R«:/h*.< * 

^MQW»»(D««l|{i*5ttSffiiB^ 

^^;^-Hlt SMQWftttS^&fiftKBKB 

Rl OmeVd^ 1 0 OmeVftgl-ftS, 
[0 0 10] (g|i 2<b)fc*LfcJ: SttJI 

■*J**KJ:9iE»L-CR»tSwi:*«*a-C*)*. 
ffiffiMSE&gtt, y h 9* Lfcffcfc 

R£#LTR*, SMQW»36»ttJB©««iat/lll 

ft*. iogttJi«*rtio/<^K*iry^**^-SI 
1 0 OmeVSKl-ftS. 

[0011] J[^±cdJ: 5 fc, 3IMQW*jt©«*|Rj!^*r 

* y ^*^^-Hfc^f < {£o - t y TBS Dii 
«>*rl8l±$-£<5<01\ 9EMRR^«A1-«HM:BM 
ofSB"C-C*5»t**<R*U IMQW^Ol 

i**#H*U\ «y^^h7 
*:/*rCtt* «ttJB«*[ft^ftS4:*-YyrRBCi&* 

< x *fc«*ttAB*ic8t#i6]i::*ir y r#tt 

8fc LT L*v>&A* + y 7M$:$^l:^o: fc ^QR 

40 [fine** y c t aw-c* 6© 

R-CBRRfWiVRfcftofc. *fc, dr«YyT(DifaA 
|gi:fto^ 0 

[0 0 12] ^ftWfc^Pft^tit^TttRll-e 
50 [0013] 
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5 

mmm mmmi) *&w<D-nmm*w 1 > 02 

HJ:9ttW1-5. *"fBll«w*5V^r, (001)ffi«r#1-5 
nSGaAsg&l SrfflUT, f-0±tCn®QaAs^<y 77® 
2(d=0.5 M m. ND=1xlO l8 cm- 3 ), nM(AlyGai-y) o In 
i-.P**»l3(d=2.0Mm, fo=lxlO l8 cnr 3 , y=0, a 
ttGaAsSfcfcft^fi-frl-Sfto.S), KffSrmOT^K- 
:/Ga y I ni - v As ( 7 =0. 25, . 8%) 2I&T-#FJ§ 

3JB*. KJnnmror>K-^GaAaft?BM2fl^ a 

ftig&II 3 tclE3£T* j3 £0. 30, 0. 40 1 K 
&tft?ft0W*fr7nn£R£Lfcry K-^Ga fl In 
1 - 0 P*EH ti&ftJI) *>f>»J5£i*ft$ (#fifi*#FSffi 

is <&fiw»'< ^ K«a«»nH 2 <75 x 1 tft -5 ) 

^#Fi£teJ§4, pSKAIyGaw). lm-«PA*ttJ|5 
(d=0.10am, NA=7-8x10 ,7 cnr 3 , y=0. aliGaAsSfi 
£ « h m. 5) , p MGaAs^PUJI 6 (d=0. 005 M 

m, NA=7-8xl0 17 cnf 3 ). p ^Ga a Im - 6 As/Ga« In 
i-«PH*KttM7 (Ga6 1m- a As 3 J§ (d=0. 002/i m, Na 
=7-8x10 l7 cnr 3 , 5tt0.65-efe|?*^»+2.5» f a 
ttGaAsStti:*^»#i-S«0.5), pStfa* Im-.P* 
*«l8(d=1.90Mm, NA=8-9xl0 17 cnr 3 , attGaAsg 

lc, * hU y^77-f-l::J:9Si02^** (P£i?d=0.2 
/im, * h7>r^«3/im)«r?^fifcU ^SJ&Aoiy*-:/ 

S 0 fcfc, Si02^^^€r»Lfe**, nS!GaA8«ie^ 
**8ttJi9 (d=1.5jim, to=2xl0 18 cm" 3 )£ig|Rj£;g: 

Sfefc, p^GaAs=i>^^ hg\ 0(d=2-3// 
m, Na=5x10 18 -1 xl0 19 cnr 3 )^ffifc^^L^^, 
pB«l lentil 2&m%tZo ffBfl* 

[0 0 14] *jllS«Jc*5it5fiEISS«:W^Lfc#S* 
^#FftgfcteJl4lcttLT, EflSI^riAlfclffl 
*l7«:RttSC:fcKJ;0 % ^ h7-<^«*^*5»t52l 

fc„ toft*, *as«6 0 0 amo»^*5v^r^ta 

1 OmAO{g;W<lTKffi®){EU BigJ6«9 7 0-99 
0 nm^tn ^-1f58SfflS 
111 7 0-18 0tfl*»5>ft* ftftua* 6 otic**!** 

fttti* 2 0 0 mWWSlBAl^ 2 0 0 0 #|IO£JLb*>* 

[0015] (H;&6#J2) *anottXlkM*H3 v El 
4KJ: *i"H3lc*5v^-c, (001)fl5*»fc C1 

10) (-1-10) #|pjjni 5. 8° Mv>tS$r^1-5n^Ga 



(4) WBB^6 - 6 9 5 8 9 

6 

AsXtEl' fcffi^T* *^>±lcnfflGalnP/<y 7rS 3 
(d=0.Um, ND=1x10 ]fl cnr 3 ), h SKAIyzGai -,2) « In 
i-aP±^iS^l 3 (d=2.0^m. No=1x10 l8 cnr 3 , y2=0. 
7, a UGaAsStRi: SttO.5), K«7raiOT^ 
K-?(AliGai-Ov lni- v P(X=0, y=0.30, te^*8+ 
1 . 6%) S^#FJI 2m t, mmm(D T y K— "/(AlyiGa 
i-yi)a lm- tf P(yi=0.5, /5ttGaA8»tRi:*^»*1-5 
«R).5)»FHKJB 1JB. Ktfi^#FJim«^AItUK«r 

70 JllcMSST AHftjS*y3=0.5d»e>0.7*-C0.051*oa 
«Mfcifr*>L*llS«7nmi: LfcT^ K-^(AlnGai-,J) 
a I m-jPJK y3=0.5, 0.55. 0.6, 0.65, B ttGaAs&K£ 
5 ttO. 5) £ ^ b flltt $ ft 5 (£^#FS ■ 52 
y KKSHKItl 4©J:}l:46)«lf 

#Ff£tei§ 14, P ^(Aly2Gai-y2) « lm-aP%«ttff 

1 5 (d=0.15<im, NA=5-7xlO ,7 cm- 3 , y2=0.7, aliGa 
AsS«i:l&^S^i-5fi[0.5), p^ Gaa lni-«P/(Al y2 
Gai-y2)a lni-oP^)t^^ 1 6 (Ga< Ini- 6 P3Jl(d= 
0.002Mm, NA=7-8xl0 17 cnr 3 , 6 110.20^^19^ 
20 *£+2.3», y2=0.7, a ttGaAsg^g i:*&^S^1-5ii0. 
5), pSCAIyiGai-yi). lm.aP3fc*ttJfl 7 (d=1.85/* 
m, NA=8-9xl0 17 cnr 3 , y 2 =0.7, attGaAs&tt 
I^t5I0.5) ( pSGao.Blno.BP/<5/7r)i 1 8 (d=0. 
03Mm, NA=2xl0 18 cm- 3 )$r^iag7 6 Ot:iC*5V>T 

iw, * hy y^y^^-i^«t i?si02^^^ (P^i?d=o.2 

^I^J:»}^1 5ld^J6^-e^l 8i:il 7&U«Jil 6^ 

50 an, xik«yi tHiiat, *^*flzsiL-cBi3<&*r 

[0 0 16] *M6«lcj3JtSfflltSiSr*AL*:#*«: 
^#F«BSStt*14fc#L-C, EAS«r«AU^£fl 

0 Tfco^tolcJt 7 OmeVR^i-^ ^ i: d«"C^ 
fc 0 tog*, ^rlBSfteoOnmroK^cjiV^Tftffl 
l-*5»t5BI«fiaEtt«*2 0-3 OmA-ttbofctfl 0 
-2 OmA^K^-CiE^Sb^L, 11^6 8 0-6 

«tti4 0^i6 0trtlS)h, ttfHUKeoric«srt 

5*tBAl 0 0mWO^tii^«l^-e2 0 0 0^PW^±O 
*MfS«it36*«dt$ftfc 0 
[0 0 17] (H*fe0»j3) **W^-3Hfi«S:Ba5 i El 
6lc«i:!9Sft^1-5o ^-fEI5lc^v>r, (001 (1 
10) (-1-10) #|6jlwl 5. 8° Mv>7tffi^^1-^nMGa 
AsaEfil' $rfflV>T, t^±(CnSGalnP/<^77Jl3 
(d=0.5mn, ND=lxl0 18 cnr 3 ), nM(Aly2Gai-y2) a In 
i-y.P**ttJi3 (d=1.20nm, Nd=1 x10 l8 cm- 3 , y:=0. 
50 7, a UGaAsSfitft^fi-fr fSfflO.S), WkWlmOTy 
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7 

K-y(AlxGai-x)y lm-vP(X=0.10, y=0.44, *^ 
g+0.6%)2I&?-#FJ§5jli:, KflESnraOT ^ K-^(AI 
yi6ai-yi)fl Im-flP (71=0.5, £ liGaAs&& b&*& 
#+5tt0.5)*^-»BJi4JI > Rt^ft^FJIWfisHiAl 

*W*iili£5 4-eAiajaya«:0.5d»b0.7*T0.051' 
oRHfttlcWfcg*, *il«x©iW*7imfcReLfc 
T y K-^(Aly3Gai -ys) 0 Im - 0 PI (y 3=0. 5.0. 55, 0. 
6.0.65, 011 teksm&b »-T-**i-S«0.6)d»fe«rt 

H6«>J:5t45)*«*^#F«ttJil 9. p^(Aly 2 
Gai-yz). Im-.P**««1 5 (d=0.15/xm, Na=5-7x 
10 l7 cnr 3 , y 2 =0.7, a KGaAsSSE ^^tiilO. 
5), pSiGaa Im- « P/(Aly2Gai- y 2) « lm-« Pii*W« 
l2 0(Ga6 Im-a P4@ (d=0. 0015 a m. Na=7-8x10 
,7 cnr 3 , 6»±0.20-efc5*^a+2.3», y2=0.7 ( ali 
GaAs&Sifc^SE^-fSIIO.S), p M(Al y2 Gai - y2 ) « In 
i-«P***Jil 7(d=1.05Mm, NA=8-9xl0 17 cnf 3 , y 
2=0.7, ol±GaA8aSt*^tl-fri-5tt0.5) f pSJGao.s 
lno.5P/<y7x£l 8(d=0.03 M m, Na=2x10' 8 cnr 3 ) £ 
J&£&JS 7 6 0 < CJH*3V^T*«^BIfttt**ifeJC i fc 9 3i 

e^^ri/ir /W&fcLfco ftlc, y<y7 7 4-\z£ 
V$\0z-*xt (M/?d=0.2Mm, * K 7^ :/*I4/i m) £ 
MU ^^^/^yf-^^ldJ: Oil 5tcfJS^-cl 
18i:il 7&tf/§2 O^iyfy^Uyy^ 
h 7 >T <5. w©ftli, HJ£#Jl&tf2 tl^HI 

So 

[0 0 18] **!S«I^Jt5ffiieii€r*AL^#** 
^#F««iS*«l 9lc*fLT> E«Itr*M»a 

l5J3fO"Cfeofc(D»c»Uttl 4 OmeV»Si-Sr.t**"C 
#fc e ^©*§* x *fiSfi6 0 0Mm©*fl:^^I 
at*5tt5BMi«atHa*7 0-8 OmA-CfeofciU 

0- 5<)mA<OteK^iE^lbfEU »fi»fi6 3 0- 

i&gtt9 o-i o oWftbtis ®}itum5 0X,\z&rt 

Zfttti*} 2 0 mWOfctttfjftftn? 2 0 0 0 ^pW^±CO^ 

[0019] (Mmm4) *&w<DWimmwz\%7 t m 

8fc*01Mii-a. *1"IH7l::*3V*T* (001)Bd»b (1 
10) (-1-10) *IB]»C1 5. 8° «V*fcffi«:#-rSnfflGa 
AsStRl' Srffl^T* ^tO±lCnSGalnP^y77® 3 
(d=0.5^m, No=1x10 18 cnr 3 ), n^(Aly2Gai- y2 ) » In 

1- .P***Jil 3(d=1.2/xm, No=1xlO l8 cnr 3 , y 2 =0. 
7, ottGaAsS*Ri:*^«E*i-Siao.5). ^HC7nmOT^ 
K-^(AUGai-i) v lm- v P(X=0, v =0. 58. 

0. 5X) 5 € i: , flgJ?5nm<7}7 > K- 7 (Al y i Ga 

i-yi)fl lni- fl P(yi=0.5, B l±GaAs&&£te^8<£1-£ 



(5) ^^^6- 6 9 5 8 9 

10.5)1^1141, &xfi&*#jsgmw\zkm&% 

Aliart«ry3=0.5^e>0.7*T?0.05roR 
»«fc**L*K«7rin* L£T^ K-7"(Aly3Gai-y3) 
b lm-5Pj§(y3=0.5,0.55.0.6.0.65, & liGaAsg&i: 

te^ss-raito. 5) ht*bmi&ztiz{&¥#7 si mi%m 

#F8ttJl2l, P ^(Aly2Gai-y2) 0 I n i P*W 
ttJIl 5(d=1.2ixm, NA=5-9x10 l7 cm- 3 , y 2 =0.7, a 
70 ttGaAsg«£tt^&^t-*te0.5), p§J Gao.slno.sP^ 
^7ril 8(d=0.03/im, NA=2x10 l8 cm- 3 )$rrt^i&iK 

ir^Lfc. * b y ^77^-!^ ipSi02-7 

(Ifd=0.2ura, * h7^7**I4Mm)£:ff2ticU 
^^^/ux^fy^j:?)!! 5£ift0. 1 5 /im^t 

^ h7V^«r»rt1-S. w<0»tt % Si0 2 Lfc 

n^Gaa lm-« PM&MJ1 2 2 (0.006/iin, No =2 
x10 l8 cnr 3 , 6li0.20-e&t>te^F&+2. 3», n^GaAs 
20 ««Sfe***»ftJi9(d=1.0Min, ND=2xl0 ,B cnr 3 )§r 

I2l7 0»f©Sr*i-<55(f^S:#5, 
[0 0 2 0] *Mfi«t^Jt55l«ii€r*AUfe#i[S 

-*3&«**l5lJO-C*>ofc©tc*fU»l 6 0meVH2:&1- 
lCj3V^*«Ui^«t5BHl«att(S*6 0-7 OmAt 
^6 3 0 - 6 4 O n m$rtt 5 l^-f ^f$:#fco 

i^-ip»«aatti oo-ii ot:^ft&n« tbf^tajr 

6 OriCfctfSftttj;^ 0mWO^m^®jf^T?2 0 0 0 

[0021] (^ffi^j 5 ) *&w<oi&m&mzm 9 , @ 

1 0lwi:0K^-t-5o ^T09I-*5V>T. (OODffid^ 
(110) MHO) 2rifijfcl 5. 8° li^tl^ttSn 
SGaPg« 2 3 ±(r, nSGaPAWttJI 2 4 (d=1 n m, Nd 
=lxl0 18 cm" 3 ), RWnmOT ^ K-^(AUGai-«)T In 
40 i- v P(X=0 f 7=0.70, »^S+2. 2%) 3 Jg 
i:. flgJ?8nm£>T>' K— T^CAly i Gai -yi ) 0 lm-yaP(yi = 
0, 13=0.90. ft?7K4.7»OTIUM2JI. Rt^Mg 
^#FlW«lc*»«BCi&*Ji(IIM15nmi: t^T> 
K-^(Aly3Gai-y3)fl lm - 0 PJi ( y 3=0, ^=0.90, ^^F 
^FS+0. 7» fc feflME S ft* (g^^F^^G WfiW* 

tti2 5, P S!GaP*W*Ji2 6(d=0.15/im i Na=5-7 
xl0 17 cnr 3 ), P SGa« I m - « PSSISJg 2 7 (d=0.002M 
m, NA=5-7x10 ,7 cnr 3 , 5 tt0.65tf*> 9*^»+2. 7 
JO %), p SGaP jtigKJi 2 8(d=Um, Na=7-9x10 i7 c 
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nr 3 ) 7 6 0 , Clii3V^T#«^Mft3ffifi!tSftlc 

5£TH2 8^:127 fe^yf-V^lh* LT » h 
SGaP««f£!fc59*jtaiRl 2 9(d=1.0/im. Nd=3x10 18 c 

m- 3 )^^^-r^ e tsb\z., pm&=>** hi 3 

0 (d=2~3^ m, NA=5xlO lB ~1x10 l9 cm- 3 )$rS^^ 

<bt, 9§mx* 7jzn,xm+<omz.w*)ihL. mi o 

[0022] ^lllft«yic«ftdfflK£<rlKAUft:Mft 
^^F^aSttJi 2 5 Icifr UT\ ffiBSMSr^A Lfcm» 

fc 0 ^&SA6 0 0 vmtoXWZ&^X&m. 

H*5lt5Bltt«atHtt*8 0-9 0mAtfcoHM 0 
-5 OmACOi&Hffi-CiiCcltBff 3gfiK*5 3 0-5 

KM: 8 0-9 O^Ctmbhs ftfft&K 5 OlCfcfcttS* 
ttJjfc 1 0mWO^iin*2 0 0 O^W|^±<7>«»3« 

[0 0 2 3 ] 

x*/Mr-<&K£g£5 0-1 5 OmeVSKRS-rSwt 

yrBCSi <5i t^*t4ofc, 
WCtt, «*(0BHl«Sc«KO2/3^e>l/2Ofi«tt 

reK^SKttSriit^^-frfcfcfeiw*^^ u^;u^r^ 

[0 0 2 4] **WCtt, GaAsg&£/8v>fcGalnAs&tf 
AIGalnPtt-»^«rfflv^r^lw|ftW ftO»»*-C 
'tftdt £ K x. 5 - i I - -t 5 ft£ « t ft * T« £ 4 S I n 
GaAsP/lnP*lct,**W€rJ|ffl-e*5. 

[Ell] **MO-*lfiWS:^-j-*^*jSISrffiH. 

[0 2] *JBW-jMS«Oii*aft^#F«56«SttJi& 
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[0 3] *«W<o«ijl!KW«:^1-*^*56Wfffiia. 

[0 4] **Wte^*«lwii#fiS^^F«igSi4SR 

[0 5] *JBno«UllkMtr»t'*^IIWWBL 

[0 6] *58MffiillJfi^J^^#I[fi:^#F1SigffittlS. 

[0 7] ^JBWOffllSlSWSr^^^WiSWrffia,' 
[0 8] 7«nttXlfeMofi*Si:-T-#F«itiSttJI& 

[09] *&w<D{^mwz7Fi-m i FMmmfcmo 

[0 10] *»Wte^lifiWW3|#fifi^^:F«5t^g 
[011] m&SM, «fiar^9IK3S«r*ALfciN»*^ 
[012] iBMl^#F«l3tBttJI&^SVHIMt:li 

l-(001)ffiSr*LfcGaA8StK. 1 * - (001)Sd»& [11 
0) (-1-10] 5.8° *7LfcnfflGaAsMg, 

20 2-ngaGaAs/<y7T/ix 3 ■ »nS (AlyGai -y) . Im - a 
P(y=0, o=0.6)*»j6Ji, 4-TvK-^Gay Im-yAs 
/GaAs/Gae Im - a PIMQWiMiil, 5-pS(AI»G 
ai- y )o lm-«P(y=0, a=0. 5)ft#&JI, 6-pSGaAs 
SfBSJI, 7-pSJGaa Im - 5 P/Ga« I ni - « P^jtWJft 

8 -pS(AlyGai-y)o lm-«P(y=0, a=0.5)*WJS 
Jf, 9-nSGsA8«ifE«e^%lftitKfi, lO-pS!GaAs 
1 l-pii, 12---n^@s 13-n 
a(Aly2Gai-»i). Ini-.P**»J1, 1 4-7yK-7* 
(AlxGai-x)y lni-yP/(AlyiGai-yi)* lm-*PMMQW 

30 *aSttl, 1 5-pS(AI,2Gai-y2). lni-.P*W» 
L 1 6--p^Gai lm-« P/(Aly2Gai-y2) « lm-«PM 
1 7-p^(Aly2Gai-y2)« lm-«P(y2=0.7 > 
a =0.7) 1 8-p§JGao.5lno.5P/<y7rl^ 

1 9 —TV K— ^"(AlxGai -x) v lni-y P/(AlyiGai-yO 5 
lm-*PmMQWtf|a£?£teJf , 2 O-pMGa* Ini-aP/ 
(Aly2Gai-y2)a Im - . P5i**«li, 2 1 --TVY-7 
(AlxGai-*) y lm-y P/(AlyiGai-»i) a lm-/j PMMQW 
filiates, 2 2-n9Ga< Ini- « P£»KftW«E, 

2 3-(001)ffi^?> (110) (110) &m^l 5. 8° 

40 Lfcn3!GaP3&K, 2 4 ■••nSGaPftWftS, 2 5 —TV 
K-^Gay Im-yP/Gafl Im - 0 PSMQWfltftSteJl, 
2 6-pfflGaP#3HWI* 2 7-pMGa 6 Im-aPSWR 

2 8-pfflGaP3t*ttJi, 2 9-nfflGaP«at** 
®, 3 0 -p®GaP=y^^ hJ§„ 
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